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Background: An important issue in clinical practice is
how to treat patients whose blood pressure does not re-
spond to the first antihypertensive drug selected.

Objective: To analyze the antihypertensive response of
patients who had failed to achieve their diastolic blood

pressure goal (<90 mm Hg at the end of 8 to 12 weeks -

of titration) with one of six randomly allocated drugs or
placebo to the random allocation of an alternate drug.

Methods: We initially randomized 1292 men with di-
astolic blood pressure of 95 to 109 mm Hg to treatment
with hydrochlorothiazide, atenolol, captopril, cloni-
dine hydrochloride, diltiazem hydrochloride (sustained
release), prazosin hydrochloride, or placebo. Of 410 men
in whom initial treatment failed, 352 qualified for ran-
domization to the alternate drug.

Results: Of the 352 patients, 173 (49.1%) achieved their
goal diastolic blood pressure, in 133 (37.8%) the alter-

nate drug failed, and 46 (13.1%) left the study for vari-
ous reasons. Overall response rates were as follows: dil-
tiazem, 63%; clonidine, 59%; prazosin, 47%;
hydrochlorothiazide, 46%; atenolol, 41%; and capto-
pril, 37%. The best response rate for patients in whom
hydrochlorothiazide failed was achieved with diltiazem
(70%); after atenolol failure, clonidine (86%); after cap-
topril failure, prazosin (54%); after clonidine failure, dil-
tiazem (100%); after diltiazem failure, captopril {67%);
and after prazosin failure, clonidine (53%). The com-
bined response rate for patients initially randomized to
an active treatment was 76.0%, which is similar to that
achieved by the combination of two drugs in previous
studies.

Conclusions: We conclude that sequential single-drug
therapy is a rational approach for treatment of hyperten-
sion in patients in whom initial drug therapy has failed.

(Arch Intern Med. 1995;155:1757-1762)

HE THEME of clinical trials
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drug and starting anew with an alternate
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Antihypertensive Agents has
been to provide data useful to health care
providers for the treatment of hyperten-
sion in the office or clinic setting. A recent
study of 1292 ambulatory men'? was large
enough to permit analysis of age-by-race in-
teractions and to provide data suggesting
how age and race might affect the re-
sponse of patients to one of six classes of
antithypertensive drugs. The overall re-
sponse rate (diastolic blood pressure
<90 mm Hg for two consecutive bi-
weekly visits without drug intolerance) of
the patients to initial single-drug therapy
was high: 745 (57.7%) of 1292 reached this
goal, and these patients entered a 1- to
2-year maintenance phase of the trial.

An important issue in clinical prac-
tice is how to treat patients whose blood
pressure does not respond to the first drug

drug). This single-drug therapy trial was
designed to provide a substudy that would
determine the success rate of sequential
therapy. The objective was to analyze the
response of patients who had failed to
achieve their blood pressure goal with a
first drug to the random allocation of an
alternate drug. This article reports the re-
sults of that substudy.

— T

Of the 1292 men who initially qualified for
randomization to one of the treatment

See Patients and Methods
on next page -
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PATIENTS AND METHODS

Detailed methods have been reported previously.” In brief,
1292 ambulatory men with diastolic blood pressure of 95
to 109 mm Hg after a 4- to 8-week washout period with
placebo treatment were randomly allocated to double-
blind treatment with one of six drugs or with placebo. The
drugs and their potential doses during titration were as fol-
lows: atenolol, 25, 50, or 100 mg/d; captopril, 12.5, 25, or
50 mg twice daily; clonidine hydrochloride, 0.1,0.2,0r 0.3
mg twice daily; diltiazem hydrochloride (sustained re-
lease), 60, 120, and 180 mg twice daily; hydrochlorothia-
zide, 12.5, 25, or 50 mg/d; and prazosin hydrochloride, 2,
5, or 10 mg twice daily after 2 days of 1 mg twice daily,
given to minimize first-dose syncopal reactions. The blind-
ing system was double-dummy, so that each patient was
given two bottles of medication at each visit. Only one con-
tained active medication (or neither in the case of patients
randomly allocated to placebo treatment). Patients who
achieved goal diastolic blood pressure of less than 90 mm
Hg without adverse drug effects at the end of 4 to 8 weeks
were entered into a maintenance phase for at least 1 year.
Those patients are the subject of the previous publica-
tion.! Patients who failed to achieve goal blood pressure
were entered into a second placebo washout phase with vis-
its every 2 weeks for a maximum of 8 weeks.

Patients qualified for the second drug titration if their
blood pressure rose to baseline at or after the fourth week
of the second washout period. This was done to eliminate
any residual effects of the first drug. Safety criteria
required discontinuation of patients from the trial if their
blood pressure exceeded predefined limits (diastolic blood
pressure >114 mm Hg on any one visit or >109 mm Hg
on two consecutive visits, or systolic blood pressure

>199 mm Hg on any one visit). Those patients who quali-
fied were then treated with a randomly allocated alternate
drug. The blind was maintained by issuing a new pair of
drugs, of which only one was active. Placebo was not an
option for this portion of the study, to prevent patients from
being treated with placebo for an extended time. Dosages
were titrated blindly every 2 weeks until the patient achieved
goal blood pressure for 2 consecutive weeks without ex-
periencing adverse effects. Patients who achieved goal blood
pressure were discontinued from the study at that point and
treated with open-label medication. Patients who failed to
respond to this second attempt at single-drug therapy by
12 weeks entered a separate drug combination arm of the
study.

The baseline blood pressure was calculated as the
average of the six readings obtained in the last two clinic
visits before randomization. Treatment blood pressure was
calculated as the average of the six readings from the last
two clinic visits of the titration period. Blood pressure read-
ings were determined by trained observers with the use of
standard sphygmomanometers. Readings were taken after
the patient had been sitting for 5 minutes. Diastolic blood
pressure was recorded as the disappearance of Korotkoff
sounds (phase V).

Adverse drug reactions were analyzed by the study
chairman without knowledge of the drug assignment. The
significance of differences in treatment response rates was
determined by a x? test of homogeneity for a 2X6 contin-
gency table. All results are reported according to an inten-
tion-to-treat analysis. SAS software was used for all analy-
ses, A P value of .05 or less was interpreted as indicating
statistical significance. All statistical tests were two tailed.

The protocol was approved by institutional review
boards at each of the participating medical centers and by
a central Cooperative Studies review committee.

arms, 537 either failed to achieve goal blood pressure or
were disqualified from continuing in the study for other
reasons. Of these, 410 agreed to continue into the wash-
out phase, and 352 qualified for treatment with the al-
ternate drug. Their baseline data (Table 1) do not re-
flect major differences between the subgroups. Of the 352
patients who entered this phase, 46 (13.1%) left or were
removed from the study for various reasons, 173 (49.1%)
achieved goal blood pressure, and 133 (37.8%) did not
achieve goal blood pressure with the maximally toler-
ated dosage.

Table 2 displays the average reductions in sys-
tolic and diastolic blood pressure from the baseline and
washout phases to the end of the titration phase for each
of the sequential drugs. The washout blood pressures were
not statistically significantly different from those at base-
line. All six drugs achieved a statistically significant re-
duction from both the baseline and washout phases. There
were no between-drug differences in the magnitude of
diastolic blood pressure reduction. Clonidine achieved
a significantly greater reduction in systolic blood pres-
sure from baseline than atenolol did. Clonidine and hy-
drochlorothiazide achieved greater reduction of systolic
pressure from washout than atenolol did.

Table 3 summarizes the results of treatment with

the alternative drug for each initial drug treatment group.
Subgroup analysis showed that 82 (54.0%) of 152 white
patients responded to a second drug, as did 91 (46.4%)
of 196 black patients. The response rate was 37.6%
(59/157) for younger patients and 58.5% (114/195) for
older patients. Age-by-race subgroups had small total
numbers. The response rate was 38.5% (25/65) for
younger whites, 37.8% (34/90) for younger blacks, 65.5%
{57/87) for older whites, and 53.8% (57/106) for older
blacks.

Captopril (6/11 [34.5%]) and clonidine {6/12
[50%]) had the highest response rates and hydrochloro-
thiazide (2/11 [18.2%]) the lowest for younger whites.
Diltiazem (7/12 [58.3%]) had the highest and captopril
(4/15 [26.7%]) and atenolol {6722 [27.3%]} the lowest
response rates for younger blacks. The response rates
for older whites were high for prazosin (9/11 [81.8%]}),
clonidine (14/18 [77.8%]), atenolol (10/13 [76.9%]),
and diltiazem (10/15 [66.7%]); rates were lower for
hydrochlorothiazide (6/11 [54.5%]) and captopril (8/19
[42.1%]). For older blacks, the highest response rates
were for diltiazem (15/21 {71.4%]), hydrochlorothia-
zide (15/23 [65.2%]), and clonidine (13/21 [61.9%1);
atenolo! (6/16 [37.5%)), prazosin (4/12 [33.3%]), and
captopril (4/13 [30.8%}) were less effective.
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Table 1. Baseline Characteristics of All Patients With Initial Trealment Failure and Their Age-Race Subgroups
Al Younger  Younger Older Older
Patients Younger Older Whites Blacks Whites Blacks Whites Blacks
No. (%) of patients* 352 157 195 152 196 65(18.5) 90(25.6) 87(24.7) 106(31.1)
Age, y (mean=SD) 58+10 50+8 66+4 59+9 59+11 51=7 49+8 654 664
Systolic blood pressure, mm Hg
Mean=SD 155+14 150+13 158+14 15514 154+14 152+14 149+12 15714 159=x14
No. (%) =160 129(366) 39(24.8) 90(46.2) 62(40.8) 65(33.2) 21(323) 18(20.0) 41(47.1) 47(44.3)
No. (%) 140-159 163 (46.3) 79(50.3) 84 (43.1) 66(434) 96(49.0) 30(46.2) 48(533) 36(414) 48(453)
Diastolic blood pressure, mm Hg
Mean+SD 101+3 1013 100=+3 100+3 101x4 100=+3 1013 100+3 101+4
No. (%) 100-109 181 (51.4) 89(56.7) 92(47.2) 74(487) 105(53.6) 34(52.3) 53(58.9) 40(46.0) 52(49.1)
No. (%) 95-99 155(44.0) 61(38.9) 94(482) 65(428) 88(44.9) 24(37.0) 37(411) 41(47.1) 51(481)
Heart rate, beats/min 75+11 7511 7411 75+12 7411 7612 75+10 74+11 74+11
Body mass indext 29+5 29+5 29+5 305 29+5 295 29+5 305 29+5
Cigarette smoking, No. (%)
Current 106 (30.1)  57(36.3) 49(25.1) 30(19.7) 76(38.8) 16(24.6) 41(4566) 14(16.1) 35(33.0)
Former 152 (432) 54(344) 98(50.3) 73(48.0) 78(39.8) 25(385) 29(322) 48(552) 49(46.2)
Never 94(267) 46(29.3) 48(246) 49(32.2) 42(214) 24(369) 20(222) 25(287) 22(20.8)
Aicohol consumption, No. (%)
No or <1 drink/d 280 (79.5) 122(77.7) 158(81.0) 115(75.7) 161(82.1) 48(73.8) 72(80.0) 67(77.0) B9(84.0)
1-3 drinks/d 60(17.0) 28(17.8) 32(164) 30(197) 30(153) 12(185) 16(17.8) 18(207) 14(132)
>3 drinks/d 12 (3.4) 7 (4.5) 5(2.6) 7 (4.6) 5(2.6) 5(7.7) 2(2.2) 2(2.3) 3(2.8)
No. (%) antihypertensive '
treatment at screening 269 (76.4) 114(72.6) 155(79.5) 112(737) 153(78.1) 43(66.2) 69(76.7) 69(79.3) 84(79.2)

*Four patients were Asian. Their data were not analyzed separately.
t(Weight in kilograms)/(height in meters)’.

Tahle 2 ‘Average Reductions in Blood Pressure From Baseline and Washout to the End of the Sequentiai Drug Titration Phase

Mean+SD, mm Hg

1
Reduction

Reduction
End of From From

Sequential Drug N Baseline Washout Titration Baseline Washout

Diastolic Blood Pressure
Hydrochlorothiazide 60 100.4+3.3 100.1x4.0 90.3+6.2 10.1%6.1 98+55
Atenotol 58 100.3+3.3 99.5+4.5 91.6+7.6 8.7+7.0 79+72
Captoprit 59 100.2x31 99.6+4.4 91.126.6 91+6.5 8.4+64
Clonidine hydrochloride 67 100.7+3.5 100.6+4.5 89.5+8.6 11.2+8.1 11.1+£7.8
Diltiazem hydrochloride (sustained release) 57 101.1x3.8 99.9+43 88.7+71 124+73 11.2+6.9
Prazosin hydrochtoride 48 100.3x3.4 99.8+5.8 90.9+74 94+68 8.9+6.1

Systolic Blood Pressure
Hydrochlorothiazide 60 152.8+15.6 152.4+13.8 138.8+12.5 14.0+13.2 136107
Atenoiot 58 155.4+13.2 152.9+£13.2 146.8+17.2 8.6x12.9* 6.1=x11.7¢
Captopril 59 155.3+13.3 153.7x13.7 144.0+16.0 11.2+126 97117
Clonidine 67 156.5+13.1 158.4+134 140.5+13.7 16.0+14.0* 17.9+12.9%
Diltiazem 57 154.3+14.9 153.6+13.1 142.4+13.4 11.9+11.5 11.2+12.0
Prazosin 48 154.2+149 163.0£15.3 144.9+15.5 9.3+133 82+11.8

*Clonidine and atenolo! were different from each other.
TAtenolol was different from clonidine and hydrochlorothiazide.
$Clonidine was different from all drugs except hydrochlorothiazide.

The Figure compares the overall end-titration re-
sponse rates for the initial drug and the sequential drug.
The hierarchy of response rates for the sequential drugs
was similar to that for the initial drugs. Atenolol, how-
ever, fell from the third position to fifth.

The dose of drug required to achieve response fol-
lowed the pattern observed in the original study. Sixty-
one percent of the 29 responses to hydrochlorothiazide
were achieved at 12.5 mg (seven patients) or 25 mg (10
patients). Three adverse drug reactions that required with-

drawal from the study were associated with 25-mg (one
case) or 50-mg (two cases) doses. For atenolol, 11 (46%)
of the 24 responses were achieved with 25 mg. The two
adverse drug reactions were at 25 and 50 mg. For cap-
topril, 12 (55%) of the 22 responders required 100 mg,
but the single withdrawal for an adverse drug reaction
occurred at 25 mg. For clonidine, 17 (43%) of the 40 re-
sponders required 0.6 mg. There were nine withdrawals
caused by adverse drug reactions: two with 0.2 mg, five
with 0.4 mg, and two with 0.6 mg. Of the 36 responders
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1012 " 13 21/44 (614) 004
A5 o 3/4 16/27 (59.3) 227
1013 A1 6/8 39/56 (69.6) 003
40/68 (58.8) 36/57 (63.2) - 23/49 (469) 1737352 (49.1) .033
20/30 (66.7)  14/24(58.3)  14/26 (53.8) = 821152 (54.0) 325
20/37 (54.1) 22/33(66.7)  9/23(39.1)  91/196 (46.4) 012
13/29(448) 11/21(52.4)  10/26 (385)  59/157 (37.6) .401
27/39(692) 25/36 (69.4) 13/23(565) 1147195 (585) 063

*Response was defined as a diastolic blood pressure less than 90 mm Hg at end-titration. Significance of differences in treatment response rates was

determined by a x* test of homogeneity for a 2x 6 contingency table.

tNumber of patients who responded/number treated with the five alternative sequential drugs.

$Number of patients who responded/number treated with each sequential drug.

to diltiazem, 11 (31%) required 240 mg and 19 (53%)
required 360 mg. There were five withdrawals caused by
adverse drug reactions: one with 120 mg and two each
with 240 and 360 mg. Of the 23 responses to prazosin,
six (26%) occurred at 4 mg, seven {(32%) at 10 mg, and
10 (43%) at 20 mg. There was one withdrawal for an ad-
verse drug reaction at 4 mg and five at 10 mg.

— T

Numerous epidemiologic and clinical observations serve
to support the heterogeneity of primary hypertension.
Consequently, individual patients with similar degrees
of hypertension (perhaps caused by a variety of mecha-

nisms) may differ greatly in their response to particular
antihypertensive drugs. It is often unclear which agent
to select as single-drug therapy in a given patient. Our
main study' provided a logical basis for initial drug se-
lection based on antihypertensive efficacy and drug tol-
erance.

A common and important problem in the treat-
ment of primary hypertension is how to treat patients in
whom initial single-drug therapy with a given agent
proves ineffective. Alternatives include (1) combination
therapy using a stepped-care approach (adding a second
drug to the first) and (2) sequential therapy (stopping
the initial drug and beginning treatment with a second
agent). The more traditional stepped-care approach has
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usually implied that if the first agent does not result in
the achievement of goal blood pressure, then others
would be added. The validity of such an approach has
been demonstrated in a number of clinical settings,
including such combinations as angiotensin-converting
enzyme inhibitors with calcium-channel blocking
agents,' thiazide diuretics with angjotensin-converting
enzyme inhibitors!! or B-blockers,'? and a-blockers
with angiotensin-converting enzyme inhibitors."> How-
ever, the addition of a second drug to an initial agent
that is not working could potentially mean in some
cases that patients are receiving one or more agents that
are ineffective. One goal of long-term antihypertensive
therapy is to give the fewest number of drugs needed to
control blood pressure. With the introduction of
numerous new antihypertensive agents, effective single-
drug therapy for hypertension is now possible in a high
percentage of patients.'

Our study provides data on sequential therapy in
352 patients whose blood pressure was not controlled
with a randomly assigned initial antihypertensive agent
and who were then randomly allocated to receive treat-
ment with a second agent. The data suggest that
sequential therapy is a rational approach to the treat-
ment of patients whose blood pressure has not
responded to a first agent. The response rate to a ran-
domly assigned second drug for patients in whom
active treatment initially failed was 43.9% (118/269), a
number to be compared with the overall response rate
to the first drug assigned of 61.8% (683/1105 patients
allocated to active drug treatment). Excluding 52
patients who initially failed an active treatment and
withdrew during the placebo washout phase, the com-
bined response rate was 76.0% (801/1033). This is com-
parable with the results of other Veterans Affairs coop-
erative studies: 52% for propranolol alone, 81% for
propranolol plus hydrochlorothiazide, 72% for pro-
pranolol plus hydralazine, and 88% for reserpine plus
hydrochlorothiazide'*; 49% for nadolol alone, 46% for

bendroflumethiazide alone, and 85% for nadolol plus
bendroflumethiazide'®; 33% for captopril alone and
72% for captopril plus hydrochlorothiazide."! Our find-
ings are also similar to those of a study in elderly
patients in which response to hydrochlorothiazide
alone was 50.4% to 58.5% and the results of the addi-
tion of a second drug were 85.3% for hydralazine,
81.7% for methyldopa, 76.9% for metoprolol, and
72.3% for reserpine.'® Drug allocation for the initial and
sequential drug in this study was entirely random, so
that an even higher response rate might be expected if
the drugs were selected on a rational basis.

Overall response rates seemed to differ among the
randomly allocated second agents: diltiazem (63%), cloni-
dine (59%), prazosin (47%), hydrochlorothiazide (46%),
atenolol (41%), and captopril (37%). Response rates to
the second agent were substantial in both black patients
(46.4%) and white patients (54.0%). Younger patients
(37.6%) did not seem to respond to a random second drug
as well as older patients (58.5%); this was true for both
younger blacks (37.8%) and younger whites (38.5%).
However, itis difficult to draw conclusions regarding com-
parison of age-by-race response rates to the second agent;
the number of patients allocated to each agent in each
age-by-race group is small.

Our patient population was drawn from a pool of
men with diastolic blood pressures in the range of 95 to
109 mm Hg, ie, patients with Joint National Committee
V stage 1 (mild) and stage 2 (moderate) diastolic hyper-
tension.’ Drug response failures in our study were more
likely if the baseline diastolic blood pressure was greater
than 100 mm Hg. Patients with more severe degrees of
hypertension may require combinations of two or more
drugs, and other situations may arise in which discon-
tinuation of the first drug is inadvisable.

As in the previous study, these drugs proved to be
remarkably free from adverse drug reactions requiring
withdrawal from the trial. The pattern of response was
similar to that in the previous trial, suggesting that there
is little or no systematic disadvantage to being exposed
to a different second single-drug therapy.

We emphasize that these data are derived from a co-
hort of patients in whom therapy with an original ran-
domly allocated drug failed. They cannot, therefore, be
considered to be equivalent to the original group. All pa-
tients were men; these results might not be similar in
women. Nevertheless, this group of patients corre-
sponds to the frequently encountered clinical situation
in which initial single-drug therapy has failed. Our re-
sults indicate that patients whose hypertension is resis-
tant to one drug may be responsive to an alternate single
drug. The addition of a second drug is not necessarily
required. This supports the logic to sequential single-
drug therapy as opposed to immediately adding a sec-
ond drug.

Accepted for publication January 25, 1995.
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